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of	resources	have	led	 to	 the	 identification	of	waste	as	a	valu-
able	resource	that	demands	responsible	solutions	for	collecting,	
















waste	 minimization	 strategies	 and	 the	 concept	 of	 “designing	
waste	out	of	processes	and	product[s].”1
















recovered.	 It	also	 focuses	on	 the	avoidance	of	waste	creation	







and	“zero	waste”	 thinking?	These	are	some	of	 the	 topics	dis-
cussed	in	this	paper.
The lInK beTween wasTe, maTerIal 
consumpTIon, and urbanIzaTIon
limitS to growth: unDerStanDing waSte aS a 
reSource anD part oF a cloSeD-cycle urban ecology
In	recent	years,	the	need	for	more	sustainable	living	choices	
and	a	focus	on	behavioral	change	has	been	increasingly	artic-
ulated.	 The	 estimated	 yearly	 world	 waste	 production	 is	 now	
around	four	billion	metric	tons	of	waste,	of	which	only	twenty	














also	 waste	 prevention.	 Avoidance	 is	 the	 priority,	 followed	 by	
recycling	and	“waste	engineering”	(up-scaling)	to	minimize	the	
amount	that	goes	to	waste	incineration	and	landfills.
Waste Disposal in Landfills
Landfill	runoff	and	leachate	are	a	threat	to	soil	and	ground-
water,	and	methane	gas	discharges—mainly	from	organic	waste	
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several	 countries,	 such	 as	 the	 United	 Kingdom,	 are	 unlikely	
to	meet	the	EU	deadlines	on	landfill	diversion,	as	they	are	not	
diverting	 waste	 away	 from	 landfill	 quickly	 enough.6	 Beijing	

















levels	of	mercury	and	other	 toxic	materials	 common	 to	elec-
tronic	goods,	such	as	lead,	arsenic,	and	bromide.	Several	coun-
tries	are	actively	pushing	for	industry-led	schemes	for	collecting	







is	a	waste	of	finite	 resources	and	has	 the	disadvantage	 that	 it	
releases	poisonous	substances,	such	as	dioxins	and	 toxic	ash,	
into	the	environment.14	Incinerator	ash	can	often	be	categorized	
as	 hazardous	 waste	 because	 it	 is	 extremely	 toxic,	 containing	
concentrated	amounts	of	lead,	cadmium,	and	other	heavy	met-
als.15	Companies	producing	incinerator	technology	had	to	face	
shrinking	 markets	 in	 pollution-conscious	 northern	 countries	
and	as	consequence	have	been	turning	to	Asia	and	Latin-Amer-









Outdated	 linear	 systems	 like	 burning	 waste	 or	 dumping	
























waste	 and	 has	 reached	 energy	 autonomy	 by	 composting	 and	
using	the	bio-energy	to	generate	its	power.20

































Increasingly,	 countries	 are	 collecting	 reliable	 data	 and	
publishing	annual	waste	reports	to	monitor	the	development	of	




The	production	of	 the	National Waste Report	was	part	of	 the	
Australian	 Government’s	 Strategy	 16	 of	 the	 National Waste 
Policy: Less Waste More Resources,	which	was	 launched	by	
the	Environment	Protection	and	Heritage	Council	(“EPHC”)	in	
November	2009.27



















the	 United	 Nations	 Environment	 Programme	 (“UNEP”)	 has	
explored	the	various	waste	categories	with	the	urban	waste	mix,	
and	their	potential	public	health	impacts.32

































established	 directives	 that	 forbade	 any	 dumping	 of	 maritime	
waste	into	the	ocean	while	in	port.42	However,	such	directives	
have	 been	 ineffective	 and	 many	 experts	 agree	 that	 laws	 and	
international	efforts	aimed	at	protecting	the	oceans	have	failed	
across	the	board.
emergIng and InnovaTIve approaches To  
































the	 costs.	Collecting,	 sorting,	 and	 treating	waste	 incurs	huge	
costs,44	so	the	focus	has	to	be	on	avoiding	and	minimizing	waste	







Zero waSte anD cloSeD loop thinking in the 
conStruction Sector
There	 is	 a	 growing	 interest	 from	 architects	 and	 urban	
planners	in	“zero	waste”	concepts.	Cities	are	the	areas	where	
these	 concepts	 can	 be	 embedded	
into	practice	by	redesigning	urban	
systems	 with	 “zero	 waste”	 and	
material	flow	in	mind,	transform-
ing	 existing	 cities	 and	 upgrad-
ing	 recycling	 infrastructure	 in	
low-to-no	 carbon	 city	 districts.	









material	flows	 relevant	 to	 build-




Façade	 systems	 made	 of	 composite	 materials	 currently	 cre-
ate	recycling	and	resource	recovery	problems.48	No	building	
debris	 should	 go	 to	 landfills;	 therefore,	 manufacturers	 must	
change	 the	composition	of	materials	 to	make	 them	 reusable	


















Re-using	 building	 components	 and	 integrating	 existing	
buildings	(instead	of	demolition)	is	a	basic	principle	of	any	eco-
city	and	eco-building	project.
changing manuFacturing anD packaging proceSSeS
New	 agreements	 with	 industry	 have	 to	 be	 made	 to	 dra-
matically	reduce	waste	from	packaging.	On	the	way	towards	a	
“zero	waste”	economy,	manufacturers	will	increasingly	be	made	
responsible	 for	 the	entire	 life-cycle	of	 their	products,	 includ-





ship,	 policies	 come	 at	 a	 cost	 to	
manufacturers,	as	 they	must	 take	
financial	ownership	of	their	prod-
ucts	 from	 creation	 to	 disposal.	
The	 rising	 costs	 of	 waste	 from	
landfill	 levies	will	 likely	become	
a	 main	 driver.	 Essentially,	 one	
needs	 to	 ask	 how	 much	 packag-
ing	 is	 really	 necessary.	 Can	 the	
product	be	packed	in	another	way?	
For	instance,	in	Germany	eighty-
























Today, no other 
sector of industry 
uses more materials, 
produces more waste, 
and contributes less 






















ferently,	 with	 “zero	 waste”	
concepts	and	EPR	principle	in	
mind.
While	 there	 are	 a	 hand-
ful	 of	 outstanding	 examples	
of	 EPR,	 the	 global	 picture	
looks	 unfortunately	 differ-
ent:	 too	 many	 companies	 are	
still	 resisting	 the	 necessary	
change	in	production	methods,	
waste	management,	 and	EPR.	











It	 is	 clear	 that	we	need	 to	close	 the	material	 life-cycle	 loop	
by	transforming	waste	into	a	material	resource.	Over	the	next	




















Forty-four	percent	of	 all	 greenhouse	gas	 (“GHG”)	 emis-
sions	in	the	U.S.	result	from	transporting	and	packaging	prod-
ucts,	illustrating	the	large	potential	in	this	field.59	Bill	Sheehan,	




we know that reducing waste 
offers the largest opportunity 
to combat global warming.”60	
Joshuah	Stolaroff	“emphasized	
the	 importance	 of	 improving	
product	 design	 to	 address	 cli-
mate	change	‘[b]ecause	product	










sibly	 twenty	 or	 thirty	 years	
after	 construction.62	 It	 means	
deliberately	enabling	“chains	of	
reuse”	 in	 the	 design.	 Recycling	 resources	 that	 have	 already	
entered	the	human	economy	uses	much	less	energy	than	does	
mining	and	manufacturing	virgin	materials	from	scratch.	For	
instance,	 there	 is	 a	 ninety-five	 percent	 energy	 saving	 when	
using	secondary	(recycled)	aluminum;	eighty-five	percent	for	
copper;	 eighty	percent	 for	plastics;	 seventy-four	percent	 for	
steel;	 and	sixty-four	percent	 for	paper.63	Through	 reuse	and	
recycling	the	energy	embodied	in	waste	products	is	retained,	






materials	 will	 need	 to	 be	 provided	 from	 re-used	 waste,	 and	
water	from	wastewater.	We	can	now	move	the	focus	to	waste	
avoidance,	behavioral	change,	and	waste	reduction.
In closed-loop systems, 
a high proportion of 
energy and materials 
will need to be provided 
from re-used waste, and 
water from wastewater. 
We can now move the 
focus to waste avoidance, 
behavioral change, and 
waste reduction.





This	 also	 has	 economic	 advan-
tages.	 Recycling	 will	 continue	 to	
be	an	essential	part	of	responsible	
materials	 management,	 and	 the	
greater	 the	 shift	 from	 a	 “river”	
economy	 (linear	 throughput	 of	
materials),	towards	a	“lake”	econ-
omy	(stock	of	continuously	circu-
lating	 materials),	 the	 greater	 the	
material	gains	and	greenhouse	gas	
reductions.	 Even	 so,	 recycling	 is	
only	halfway	up	the	waste	hierar-
chy.	 The	 greenhouse	 gains	 lying	
in	the	upper	half	(waste	avoidance	
and	 reduction)	 are,	 largely,	 yet	
to	be	 tapped.	The	 focus	of	 atten-
tion	 needs	 now	 to	 expand	 from	
the	 downstream	 of	 the	 materials	




a cloSeD-cycle urban economy will Deliver a 
SerieS oF Further aDvantageS
The	advantages	of	 the	“zero	waste”	economy	include	the	














include	an	additional	 fee	 in	 the	price	 to	 the	consumer	for	 the	
future	recovery	and	the	processing	of	the	product	at	the	end	of	
its	useful	life.	It	also	includes	extending	the	responsibilities	to	






are	 possibilities	 available	 that	 will	 help	 them	 achieve	 “zero	









their	 goal	 by	 raising	 public	
awareness	about	wasteful	con-
sumption	and	through	the	active	
participation	 of	 citizens	 and	





behavior change For 
waSte prevention
The	growth	of	the	economy	
















shows	 that	 an	 important	 age	 group	 for	 applying	 behavioral	
change	is	schoolchildren	and	adolescents,	particularly	in	relation	
The increase in world 
flows of scrap, e-waste, 
recovered plastics, 
and fibers has turned 
developed countries into 
a source of material 












study	found	the	high	 importance	of	convenience	 in	 the	waste	
management	process	for	adolescents	living	in	multi-apartment	
dwellings.73	The	impact	of	income	on	waste	disposal	and	recy-



















caSe StuDieS oF waSte management
Case 1: South Australia’s Leadership in Waste 
Management and Resource Recovery
After	five	years	of	development,	South	Australia	(“SA”)	has	































Case 2: The Waste Situation in New South Wales, 
























NSW	 government	 has	 currently	 no	 clear	 plan	 to	 address	 the	
crisis,	Sydney’s	waste	 is	 forecast	 to	keep	growing	by	at	 least	












The	federal	government	will	 introduce	a	National Waste Pol-
icy	in	2011	aiming	for	a	sixty-six	percent	landfill	reduction	by	
SuStainable Development law & policy35
201493	and	hopes	are	high	that	this	will	bring	about	the	urgently	
required	changes.















to-energy	 concepts.96	 Two	 Danish	 researchers,	 Poulsen	 and	
Hansen,	used	historical	data	from	the	municipality	of	Aalborg	
to	gain	a	longer-term	overview	of	how	a	“joined-up”	approach	
to	 waste	 can	 impact	 a	 city’s	 CO2	 emissions.
97	 Their	 assess-
ment	included	sewage	sludge,	food	waste,	yard	waste,	and	other	
organic	 waste.	 	 In	 1970,	 Aalborg’s	 municipal	 organic	 waste	
management	 system	showed	net	GHG	emissions	by	methane	
from	landfill	of	almost	one	hundred	percent	of	the	total	emis-
sions.98	 Between	 1970	 and	 2005,	 the	 city	 changed	 its	 waste	






waste	 treatment	 processes	 (composting,	 transport,	 and	 land	










treatment	 (for	 aeration),	 increasing	 anaerobic	 digestion	 and	
incineration	process	efficiency	and	source	separating	food	waste	
for	anaerobic	co-digestion.”
Alborg	 has	 shown	 that	 with	 an	 understanding	 of	 natural	
systems,	technology	can	be	harnessed	to	resolve	environmental	
challenges.	“Aalborg’s	progress	shows	how	far	reaching	waste	
management	 can	 be	 in	 reaching	 energy	 and	 GHG	 reduction	
goals,	and	should	offer	encouragement	to	other	cities	embark-
ing	on	greener	waste	management	strategies	for	the	future.”104	

























In	2008,	 the	 Institut der Deutschen Wirtschaft	 (“IDW”)	esti-
mated	the	availability	and	coverage	of	essential	resources	and	





















A	 resource-constrained	 future	 can	 therefore	 help	 lead	 to	
recycling-friendly	 designs	 with	 extended	 producer	 responsi-






In	 his	 research	 on	 sustainable	 consumption,	 Paul-Marie	
Boulanger	came	to	the	following	conclusion:	“There	is	a	gradu-










Only	holistic	 and	 integrated	 approaches	will	 lead	 to	 this	




extremely	critical.	Faulstich	asks	 if	our	 landfill	sites	of	 today	
“will	become	the	urban mines	of	the	future?”113	Girardet	pre-




compoSting organic waSte anD improving urban 
ecology
Organic	waste	is	increasingly	viewed	as	a	precious	resource,	

















































behavior	 in	 developing	 countries,	 even	 if	 there	 is	 no	 budget	



































An	estimated	 six	million	people	 in	 India	 earn	 their	 livelihood	
through	waste	recycling.131	On	top	of	a	low	standard	of	living,	





















The	 involvement	of	 the	 informal	 sector	 in	a	city’s	waste	


























conclusIon: buIldIng The cITIes oF The 
FuTure–maKIng “zero wasTe” a realITy
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